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Introduction 

The photosynthetic apparatus. and especially photosystem II 
(PSII), is well known to be very sensitive to different stresses. Stress 
and stress adaptation can therefore be monitored by following the 
behaviour of the photosynthetic apparatus. Chlorophyll (Chi) a fluo-
rescence. though corresponding to a very small fraction of the dissi-
pated energy from the photosynthetic apparatus, has been proven to be 
a very useful. non-invasive tool for the investigation of its structure 
and function. At ambient temperature Chi a fluorescence is basically 
emitted by PSI!. The fluorescence transient, known as the Kautsky 
transient, consists of a rise completed in less than Is and a subsequent 
slower decline towards a steady state. The rise reflects the accumula-
tion of the reduced form of the primary quinone acceptor QA. other-
wise the closure of the reaction centres (RCs), which is the net result 
of QA reduction due to PSII activity and QA- reoxidation due to pho-
tosystem I (PSI) activity. When the photosynthetic sample is kept for 
few minutes in the dark, QA is fully oxidised, hence the RCs are all 
open, and the fluorescence yield at the onset of illumination is deno-
ted as F0. The maximum yield F Pat the end of the fast rise, depending 
on the achieved reduction-oxidation balance, acquires its maximum 
possible value - denoted as FM - ifthe illumination is strong enough to 
ensure the closure of all RCs. A lot of information has been driven 
during the last sixty years from the fluorescence transient (see e.g. 
Krause and Weis I 991; Govindjee 1995 ). 

Transients recorded with high time-resolution fluorimeters, 
e.g. with the PEA-instrument (data acquisition every I 0 µs for the first 
2 ms and 1 ms thereafter), have provided additional and/or more accu-
rate information (Strasser and Govindjee J 992; Strasser et al. 1995 ). It 
was shown that the fluorescence rise kinetics is polyphasic exhibiting 
clearly, when plotted on a logarithmic time scale, the steps J (at 2 ms) 
and 1 (30 ms) between the initial 0 (F0) and maximum P level (Fp); 
moreover, a much more precise detection of F 0, as well of the initial 
slope which offers a link to the maximum rate of photochemical reac-
tion, is succeeded. 

All oxygenic photosynthetic material investigated so far 
using this method show this polyphasic rise, labelled as O-J-1-P. The 
shape of the 0-J-1-P fluorescence transient has been found to be very 
sensitive to stress caused by changes in different environmental condi-
tions, such as light intensity, temperature. drought, atmospheric C02 
or ozone elevation and chemical influences (see e.g. Srivastava and 
Strasser I 996, I 997; Tsimilli-Michacl et al. 1996, 1999; Van Rcnsburg 
et al. 1996; Kruger et al. 1997; Ouzounidou et al. 1997; Clark et 
al.1998, 2000). 

A quantitative analysis of the O-J-1-P transient has been 
introduced (Strasser and Strasser 1995) and further developed, named 
as the "JIP-test" after the steps of the transient, by which several phe-
nomenological and biophysical - structural and functional - parame-
ters quantifying the PSII behaviour are calculated (for a review see 
Strasser et al. 2000). The JJP-test was proven to be a very useful tool 
for the in viva investigation of the adaptive behaviour of the photo-
synthetic apparatus and, especially, of PSII to a wide variety and com-
bination of stressors, as it translates the shape changes of the O-J-1-P 
transient to quantitative changes of the several parameters. Hence the 
deviation of the constellation of these parameters from that of the non-
stressed condition expresses quantitatively evaluated strains, finger-
prints of the stressors on the photosynthetic organism. 

We here present an outline of the JIP-test. preceded by a 
summary of our stress concept, which is the basis of our approach. 
Moreover, we present an application of the JIP-test in a case study 

. referring to the response of the photosynthetic apparatus in Vicia fa ha 
leaves upon the diurnal changes of the incident light intensity. With 
the same methodology, by which fingerprints of several kinds of stres-
sors on the behaviour and performance of the photosynthetic appara-
tus have been so far detected. identified, analysed and "mapped" 
(Srivastava and Strasser I 996. 1997; Tsimilli-Michael et al. I 996. 
1999. 2000; Kruger et al. 1997; Clark et al. 1998, 2000), the quanti-
fied behaviour of the photosynthetic apparatus can be used as a bio-
indicator of any stress. from daily rhythm to global changes. 

The stress concept 

The term "stress" comes from physics where it has been pre-
cisely defined, measured by the strain it provokes. However. concer-
ning biology it has been given widely differing meanings. Probably 
due to an extension of the physical meaning, many of them converge 
in attributing stress to any environmental factor "unfavourable" for 
the living organism under consideration. Our approach is different in 
principle. It is focused on the dynamic character of the relation bet-
ween organism and environment, keeping from the physical approach 
the concept of "action-reaction", and offers the possibility of analyti-
cal description and quantification (for further details on the Stress 
Concept see Strasser, 1985; I 988; Tsimilli-Michael et al., I 996; 
Tsimilli-Michael and Strasser, 200 I). 

We consider that stress has a relative meaning. with non-
stress as the reference condition. More precisely, we consider stress as 
a deviation from the non-stress situation. The latter is not statically but 
dynamically defined: it is the situation at which the organism is in 
"harmony" with its environment, or equivalently, the plant is at its 
thermodynamic optimal state, which can be regarded, based on infe-
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renccs from open system thermodynamics, as the state of minimal 
entropy production. In other words, non-stress is defined as corres-
ponding to thermodynamic optimality and stress to suboptimality. 
Accordingly, any change in the environmental input is a stressor in the 
sense that it disturbs the achieved optimality and leads the system into 
suboptimality. Because of the thermodynamic demand for optimality, 
suboptimality creates a force under which the system undergoes state 
changes, i.e. changes in its conformation/structure, seeking for a new 
optimality. The new optimal state is the attraction point for the state 
change walk and the force, defined as the state change force, depends 
on how far from the attraction point the suboptimal condition of the 
system is. If the system succeeds in reaching the attraction point, 
suboptimality becomes zero, the state change force vanishes and the 
new stability, i.e. harmony with the environment, is established. Stress 
adaptation is, thus, the sequence of processes which realise these state 
changes. If the deviation of the new, adapted, state from the former 
state becomes measurable, we call it a strain (for a schematic presen-
tation see Figure 1). The "deformation" of the conformational/ struc-
tural parameters of a system may be elastic (reversible) or plastic 
(irreversible). The plasticity of a deformation of a certain parameter is 
revealed if the system, after been exposed to a cyclic environmental 
change, still exhibits a strain, termed as residual strain concerning this 
parameter. 
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Figure J. A schematic presentation of a state-change as a conse-
quence of an applied stressor. demonsrraring also the terms used in 
the srress concept and defined as: Stressor: every factor that pro-
vokes "stress"; Stress: every established condition which forces a 
system away from its thermodynamic "optimal state"'; Optimal 
srate of a biological system: rhe state at- which the sysrem is in .fi1ll 
"harmony" with its environmenr; Harmony of a biological system 
1.-ith its environmenr: the achieved silLlation at which the system 
does not tend to change any activity or conformation: Strain: <111.1· 

p/n'.,ical or chemical change caused hy stress. Moving wit/tin one 
swte corresponds to changes c~( behal"iour (B-change). leading to 
suhoptimulity. /vloving ji·om one stale ji111ction to another (·01-res-

punds 10 c:o1~/'urmutio11ul clu111gt>s (K·cliu11ge) leading to optima/i-
t_\'. 

The environmental conditions never cease to manifest alte-
rations and, thus, the system perpetually undergoes stress and conco-
mitant stress adaptation processes, seeking and approaching harmony 
with its environment. In this concept no environmental factor is consi-
dered a priori as unfavourable and, consequently, the plant has not to 
resist, but it simply reacts. Depending on the physiological impact, the 
stress can be classified as a constructive or destructive stress (Larcher, 
1987). As far as the system manages to adapt, which means that the 
attraction point is within realistic limits stress is not only harmless but 
even constructive because it results in improved resistance and adap-
tive evolution. If the attraction point is beyond the realistic limits, 
adaptation cannot succeed and, therefore, stress leads to damages or 
destruction. However, the realistic limits are different for different 
organisms. Moreover, the limits for a certain organism can vary if 
more stressors are combined (Srivastava and Strasser, 1996; Kruger et 
al., 1997). 

The environmental changes can provoke quite different res-
ponses on an organism. It may exhibit a relative stability in its beha-
viour, i.e. homeostatic behaviour, or reveal even a wide variability. 
However, in both cases the organism does undergo a shift to subopti-
mality, being forced.to increase the entropy production either to main-
tain the established state or to search a new one. Moreover, by a sui-
table deconvolution of the system's behaviour in structural/ confor-
mational and functional parameters (see The JIP-test), it was found 
that, upon stress, the various parameters undergo modifications that 
differ concerning both their extent and their degree of elasticity, thus 
indicating that complex regulazion mechanisms are employed to reali-
se stress adaptation: the down regulation of some parameters serves 
for the maintenance of others (see e.g. Tsimilli-Michael et al., 1999, 
2000). 

Screening different plants for the same environmental 
changes one can observe that each species acquired specific survival 
strategies during evolution to respond to stress. Moreover. experimen-
tal data revealing the ability of photoprotection show that certain 
strains may as well carry the information of certain protective capabi-
lities. such as high or low temperature resistance (hardening) or high 
light resistance (Srivastava and Str:isser, I 996; 1997). This can be 
regarded as a memory of the stressors they had been exposed to. i.e. a 
memory about the past, influencing future behaviour. These phenome-
na could be correlated with signal transduction and gene induction 
mechanisms which have been acquired during evolution in an envi-
ronment of periodically changing conditions. 

The JIP-test 

Chi a fluorescence transients exhibited by any photosynthetic material 
are measured by a PEA flucirimeter 1 Plant Efficiency Analyser. built 
by Hansatech Instruments Ltd. King's Lynn Norfolk. PE 30 .+NE. GB). 
The transients are induced by a red light (peak at 650 nm) of 600 W 
m·' (3200 µE m·' s-1) provided by an array of six light-emitting 
diodes. and recorded for I s with I 2 hit resolution: the data acquisition 
is every 10 µs for the first 2 ms and e\'ery I ms thereafter (for details 
see Strasser et al. I 995). 
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A typical Chi a fluorescence transient 0-J-l-P is shown in Figure 1, 
plotted on a logarithmic time scale so that the intermediate steps are 
clearly revealed. The following original data (see Figure 2) are utili-
sed by the JIP-test: the maximal measured lluorescence intensity, Fr. 
equal here to FM since the excitation intensity is high enough to ensu-
re the closure of all RCs of PSll; the fluorescence intensity at 50 µs 
considered as the intensity F0 when all RCs are open; the fluorescen-
ce intensity at 300 µs (F3 r~iµsl or 150 µs (F 150µ,l required for the cal-
culation of the initial slope M0 = (dV/dt)0 ;;; (ll V/llt)0 of the relative 
variable fluorescence (V) kinetics (see insert in Figure 1 and Table I); 
the lluorescence intensities at 2 ms (J step) denoted as FJ. and at 30 ms 
(I-step) denoted as F1 (for a review see Strasser et al. 2000). 
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Figure :!. A typical CM a polyphasic .f111orescence rise 0-J-l-P. 
exhibited by higher plants. The transient is plorred on a logarith-
mic time scale from 50 .us to 1 s. The marks refer 10 the selected 
fluorescence data 11sed by the JJP-1es1 for the ca/cula1ion ofs1ruc-
111ral and func1ional paramelers. The signals are: 1he j7uorescence 
in1ensity F 11 (al 50 µs): thejluorescence in1ensi1ies FJ (al:! ms) and 
Ft (al 30 ms): the maximal .fluorescence in1ensi1y. F p=FM 
(al /Fma.J· The insert presents the transient expressed as the relati-
ve variable fluorescence V=(F-F,Jl(F ~F,J vs. lime. from 50 ps to 
I ms on u linear time scale. demonstrating how 1he ini1ial slope. 
also 11sed by the JJP-test. is calc11la1ed: 
M,,= (dVidt) 11 -;- (LIVIL\1) 0 = (V311111,)l(0.:!5 ms). 

The JIP-test refers to a translation, through the formulae of Table I. of 
the original data to the following biophysical parameters, all referring 
to time zero (onset of fluorescence induction). that quantify the PSI! 
behaviour: (a) the specific energy tluxes (per reaction centre) for 
absorption (ABS/RC), trapping (TR0/RC). dissipation (011/RCl and 
electron transport (ET0iRC); (b) the tlux ratios or yields. i.e. the maxi-
mum quantum yield of primary photochemistry ( 'flro = TR1/ ABS). the 
efficiency ( 't'0 = ET,,ITR0 ) with which a trapped exciton can move an 
electron into the electron transport chain further than 0.\ and the quan-
tum yield of electron transport 'flr:o = ET r/ ABS =<f>ro • '¥0); the pheno-
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menological energy fluxes (per excited cross section, CS) for absorp-
tion (ABS/CS), trapping (TR/CS), dissipation (DlofCS) and electron 
transport (ETr/CS). The concentration of active PS!l reaction centres 
per excited cross section (RC/CS) is also calculated. The set of for-
mulae used for this translation is presented in Table I. 

Fe F,,. 
F,.. 
F, 
FM ... _ 
v, 
Area 
(dV/dt)o or Mo 
s. 
B.. 
N 

Fs0p.c, fluorescence intensity at SOµs 
fluorescence intensity at JSOµs 
fluorescence intensity at 300µs 
fluorescence intensity at the J-step (at 2ms) 
maximal fluorescence intensity 
time to reach FM, in ms 
(F,_- Fo) I (FM- F,) 
area between fluorescence curve and FM 
4. (F,..- Fo)/ (FM-Fa) 
Area/ (FM-Ft) 
1- <Smit,_) 
Sm - Mo- (I/ V,) turn over number of Q. 

___ 9_~-~-1-1-~~~-~-~~!.~!-~~~~~-~--~-~-~-1-~-~--~-~~-i_?.~------······------········----------- .. ·--·------
'Pro or TRo/ ABS 
'l'Eo or ETo/ ABS 
..-. or ETo/TR. 

ABS/RC 
TR./RC 
ETe/RC 
Dl./RC 

1- (F,/ FM) or Fv/ F,. 
[1-(Fo/F,..)] -'Vo 
1-V, 

:\to. (l/V,) • (!/<pp.) 
'.\to. (l/V,) 
M.. (l/VJ). 'If• 
(ABS/RC)-(TRo/RC} 

Phenomenological fluxes or phenomenological activities 
-------··----·······························-·················································· 

ABS/CS. 
TRo/CSo 
ETe/CSo 
DI./CS. 

F o or an other useful expression • 
'Pro • ( ABS I CS, l 
qi,... '!lo. (ABS/CSo) 
(ABS/CSo) • (TRo/CS,) 

Performance index 

(RC/ABS) - [<pp./(1-<pp. )] - ['lfo/0-'Vo)] 

·--~-~~~~-~-~--~~-~~~-~---·---------------············--···--···--------------------··-·--··············· 
DF AllS log [PI Aas) 
DFllC log [RC/ABS] 
DFcp log [<pp,/( 1-<pp.)] 

t~D_F'\V-'--~~~~~~~~~1o~g_['V_J_(_1_-'l'_•_n~~~.~~~-~~-~ 
•when expressed per CS,., Fo is replaced by FM 

Table I. S11m111ary 6,( the JIP-test form11/ae using data extracted 
from tfte fast j711oresce11ce tra11sien1 O-J-1-P 

Recently the performance index PI was introduced (Strasser 
et al. 1999; Srivas1ava et al. 1999; Tsimilli-Michael et al. 2000; for a 
review see Strasser et al. 2000). Here we present the performance 
index on absorption basis. PIA 6s: 

PI = 'YRC 
,\BS I --YRC 

RC 
ABS 1-ijl., 

where YRc is the fraction nf reaction centre chlornphylls relatively ttl 

the total chlorophyll: YRl' = ChlRl.,Chl,01, 1• Since Chl,01 = Chl,.,,.000, . 
Ch!Rl" we get: YRC ( 1-YRl') ChlRc/Chl,111,•nna = RC/ABS. 
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Substitution of the biophysical by the experimental parame-
ters (see Table 1) results in: 

As defined, the performance index is a product of expres-
sions of the form [p/( I-pi)], where the Pi (i= I, 2, ... , n) stand for pro-
babilities or fractions. Such expressions are well-known in chemistry, 
with Pi representing e.g. the fraction of the reduced and (I -pi) the frac-
tion of the oxidised form of a compound, in which case log[p/( 1-p;)] 
expresses the potential or driving force for the corresponding oxido-
reduction reaction (Nernst's equation). Extrapolating this inference 
from chemistry, the log[PIA8sJ can be defined as the driving force 
(DF ABS) for photosynthesis of the observed system, created by sum-
ming the partial driving forces for each of the several energy bifurca-
tions (all at the onset of the fluorescence rise O-J-1-P): 

Introducing the notations DFRc log[RC/ABS], 
DF'f=log[qip/(l-<Pp0 )] and DF.p=log[*/(l-ijl0 J], we can write the 
above equation as DF ABS= DFRc + DF <P + DF,1,. 

It is worth pointing out that the JIP-test reveals changes in 
the PSII behaviour that cannot be detected by the commonly used 
tpp0 =(FM-F0)/Fw which is the least sensitive of all parameters. 
Moreover, 'PEo and PI are related to the productivity of photosynthetic 
metabolites and, hence, they offer a diagnostic tool for the biomass 
production capability. 

The JIP-test, developed and tested both in the laboratory and 
in several applications, is well accepted to provide· a detect-ion, des-
cription and quantification of the dynamic capacities of the photosyn-
thetic sample, as they are expressed by behaviour patterns provoked 
by stress. It has been widely and successfully used for the investiga-
tion of PSII behaviour in various photosynthetic organisms under dif-
ferent stress conditions, which result in the establishment of different 
physiological states, as well as for the study of synergistic and anta-
gonistic effects of different co-stressors. Moreover, it has been proven 
a useful tool for the investigation of the beneficial effects of the parti-
cipants in rhizosphere/mycorrhizosphere systems on the plant. as well 
as of their interactions. 

The big advantages of the method are: ( 1) it provides an 
early diagnosis of primary stress effects on the photosynthetic orga-
nisms; (2) it is rapid - less than a few seconds are needed for each 
measurement; (3) it can be applied in vivo: (4) it can be carried out 
anywhere - in the field, in the green house or even in tissue cultures -
and even on samples as small as 2 mm": (5) it is non-invasive: (6) it is 
very inexpensive. 

A case study: Response to diurnal light intensity changes 
A case study is presented as an i:xample of the JIP-test application. 
This study refers to the response of the photosynthetic apparatus in 
Vicia faba leaves upon the diurnal changes of the incident light inten-
sity, from dawn (6: 30 am) to dusk (9:30 pm). The extracted data (see 
Table 2) from each of the fluorescence transients recorded every 1.5 h 

------ ·-·-------· -· ----------------

from 6:30 to 21 :30 were used to calculate the whole set of the para-
meters, according to the Formulae shown in Table 1. The set of results 
from three measurements, namely at 6:30 (incident light intensity 
10 = 4 µE m·'- s·l ), I 3:30 (lo= 550 µE m·2 s·l) and 21 :30 (lo = 0) are pre-
sented in Table 3. Numbers in parentheses express the normalized values 

Time 6~ 30 am 1'30 pm 9: 30 pm 

Light intensity (µE m·2 s·1 ) 4 550 0 

F extremes 

Fo 620 (I) 610 (0.98) 612 (0.99) 

FM 3229 (1) 2033 (0.63) 2963 (0.92) 

Fv/Fo 4.21 (t) 2.33 (0.55) 3.84 (0.91) 

F dynamics 
v, 0.56 (1) 0.70 (l.24) 0.57 (!.01) 

v, 0.81 (I) 0.66 (0.81) 0.80 (0.98) 

(dV/dt)o 0.82 (1) 1.37 (l.67) 1.00 (1.22) 

AREAS 

Sm 25.33 (1) 19.42 (0.77) 17.87 (0.71) 

Smit Fmu 0.090 (I) 0.067 (0.75) 0.094 (1.05) 

N 36.78 (I) 38.07 (!.03) 31.20 (0.85) 

Table 2. The values of e:rrracred and rechnical fluorescence para-
merers direcrly obrainedfrom rhe recorded fluorescence 1ransie111s. 
Numbers in parenrheses express rhe normali=ed Pa/ues over rhe 
corresponding values al 6: 30 am tconrrol) 

lime 6:30 am l' 30 pm 9, 30 pm 

Light Intensity (µEm"' 5 1 ) ~ 550 0 

FLUXES-ACTIVITIES per RC 
ABS/RC l.80 (I) 2.80 (1.56) 2.20 (l.22) 

TRo/RC l.45 (I) 1.96 (1.35) 1.75 (1.20) 

ETo/RC 0.63 (I) 0.59 (0.93) 0.75 (1.18) 

FLUXES RATIOS = YIELDS 

TRo /ABS = qi,. 0.81 (1) 0.70 (0.87) 0.79 (0.98) . 
ETolTRo = lj/o 0.44 (1) 0.30 (0.69) 0.43 (0.98) 

II 
Ero/ ABS = qi,. 0.35 (I) 0.21 (0.60) 0.34 (0.96) 

DENSITY OF RCs 
RC/CS, 345 (1) 218 (0.63) 278 (0.81) 

RC/CSM 1797 (1) 726 (0.40) 1347 (0.75) 

FLUXES· ACTIVITIES per CS 
ABS/CS, 620 (1) 610 (0.98) 612 (0.99) 

TRo/CS, 501 (I) 427 (0.85) 486 (0.97) 

ETo/CSo 218 (1) 128 (0.59) 208 (0.95) ------------------------------- -------------- --------------- --------------
ABS/CSM 3229 (I) 2033 (0.63) 2963 (0.92) 

TRo/CSM 2609 (1) 1423 (0.55) 2351 (0.90) 

ETo/CSM 1137 (!) 428 (0.38) 1007 (0.89) 

PERFORMANCE INDEX 
and components 

(RC/ABS) 0.56 (I) 0.36 (0.64) 0.46 (0.82) 

qi,. I (l ·qi,.) 4.2t (1) 2.33 (0.55) 3.84 (0.9t) 

ljl. I (I . ljl.) 0.77 (1) 0.43 (0.56) 0.75 (0.97) 
II 

PlA.BS I.St (I) 0.36 (0.20) l.3t (0.72) 

Tu.hie J. Tire i•c.zlues of the clUl'erent strt1c:t11ral andjl111ctionul para-

1111!11!/"s providecl h_v the JIP-tc.<t. calc11la1ecl ji·om rhe clara of' 
Tahle 2. Numhers in purenrhesl·s 1.•.rpress the normufi=cd \'a/ues 
(}\'f.!1" I/Ji! C<JITC!.\'fNJ/lifing nJ/uc.\' df ti: 3() f1111 (COJl(l"O/) 
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over the corresponding values at 6:30, to facilitate the comparison. 
Various PS 11 behaviour patterns can be constructed from the 

values of the calculated parameters. We here chose to present the 
changes of the PSI! behaviour during the diurnal changes, by means of 
the driving forces, expressed by their difference, Li.OF. from the cor-
responding values at 6:30 (Figure 3). As above explained, the loga-
rithm of the performance index, defined as the driving force for pho-
tosynthesis. DFABS =log[PIAusJ. can be written as the sum of three 
partial driving forces. Similarly, we get Ll.DFABS =Li.OF Re+ t.DF"' + 
Li.OF,~. Figure J shows, not only the time course of Ll.DF,1ss• but also 
how it is built up: deviation from zero marked by the arrow (I) is due 
to the t.DFRc term; the further deviation, marked by the arrow(2) is 
due to the t.DF"' term; the last deviation, marked by the arrow (3), 
comes from the t.DF .v term and leads to the driving force difference. 
t.DF ABS· For comparison. the incident light intensity (10 ) vs. daytime 
is presented in the same figure. 

As clearly demonstrated in Figure 3. the JIP-test offers the 
possibility to analyse in details the mechanistics of the variations in 
the driving forces. For many stress responses we observed, like in 
Figure 3, that a fraction of the reaction centres of PS II are inactivated 
by being converted to non QA reducing centres (see e.g. Srivastava and 
Strasser. 1999; Srivastava et al., 1999: Tsimilli-Michael. 1999; 2000). 
Thus. these centres become "silent RCs" in respect to photochemistry 
(Strasser et al. 2000) and dissipate as heat the trapped excitation ener-
gy, i.e. they act as heat radiators, hence called quenching or heat sinks. 
Howev.er, they are again turned on as soon as "cooling" of the plant is 
no more needed. This type of regulation corresponds to a digital swi-
ching between two states of the RCs. namely the 0,1 reducing (fully 
active energy conserving units) and the QA non reducing (silent. heat 
dissipating units). 

Figure 3. The roral dril'ing force d(fference Ll.DF.;85 = WFRc + 
D.DF"' + f.DF.v. where rhe vaiues ar 6:30 were used as reference. 1·s. 
the day-time. along wirh rhe incident lighr inrensiry f !,). The .figu-
re shows ulso how rhis !<Hal dri\'fng force is bui/1 up: de\'farivn 
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Concluding Remarks 

In this overview we have discussed how the chlorophyll a 
fluorescence induction curves can be utilised to derive information 
about the behaviour of PSI! and thus to detect, describe and quantify 
stress effects. However, the recorded fluorescence transients carry 
much more infom1ation than those used by the JIP-test. The whole of 
this information can be utilized by means of the powerful methods of 
numerical simulations (see e.g. Stirbet et al., 1998). The application of 
these methods is being further explored in our laboratory. 

The fluorescence kinetic is so rich in information that since 
its discovery in 1931 new properties are continuously being detected. 
New instrumentation has made it possible to measure fast changes in 
a way that one can follow the electron transfer from the water splitting 
side to Q A• then to 0 8 and later to plastoquinone. As this transfer is 
very sensitive to stressors and highly dependent on the need of elec-
trons for metabolism. PSI! fluorescence can become a biosensing 
device for stress detection in plants. For such a detection. the esta-
blishment and application of JIP-test which can screen many samples 
in a short time is very useful. The capabilities of the JIP-test for stress 
diagnosis are now well understood and accepted. as e.g. presented 
recently by Baillod and Martini (200 I) in the Biotechnology Journal 
··Bioworld". At a second stage. more time consuming and specific 
tests can be made on selected samples. In the future. rhe newer fluo-
rescence imaging techniques and numerical simulations will have to 
be calibrated by accurate kinetic tests like the JIP-rest. 

Basic fluorescence understanding combined with the JIP-
test are a tool to analyse any plant material in any situation. even by 
non fluorescence specialist. We hope that many young scientists will 
try the JIP-test presented in this report. to probe photosynthesis. 
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0 European Federation for Medicinal Chemistry (EFMC) Awards: 
Call for Nominations 

NAUTAAWARD ON PHARMACOCHEMISTRY 
The Nauta Award has been established to honour the memory of Prof Dr. W. Th. Nauta, whose activities ha\e been very important for the advan-
cement of Medicinal Chemistry in general, and for the de\·elopment of international organisational structures for this discipline. The Award 
consisted of a diploma and 7500€, and is given for outstanding of Medicinal Chemistry to a scientist working in Europe or to a European scien-
tist abroad. In exceptional cases the Award will acknowledge contributions fostering the cooperation among medicinal chemists in Europe._ 
The Award will be conferred for the sixth time on the occasion of the XVI Ith International Symposium on :V!edicinal Chemistry in Barcelona. 
Spain (September 1-5, 2002). during which the recipient will be invited to give presentation. Previous rec.ipients were: Dr. A.E. Brandstrom 1992, 
Dr. M. Petitou 1994, Prof. Dr. P. Krogsgaard-Larsen 1996, Prof. Dr. H. Timmerman 1998. and Prof. Dr. E. De Clercq 2000. 

UCB AWARD FOR EXCELLENCE IN MEDICINAb CHEMISTRY 
UCB S.A. and EFMC are pleased to announce the creation of a new Award, the "UCB Award for Excellence in Medicinal Chemistry". The Award 
will consist of a diploma, 7.500 € and an invitation for a lecture by the Award recipient. The Award will be gi\en biennially, starting at the XVllth 
International Symposium on Medicinal Chemistry, in Barcelona. Spain (September 1-5. 2002). for which rhe recipient will be invited to lecture. 
This Award. established by UCB S.A., Pharma Sector. will acknowkdge and recognise outstanding scientific research. without restrictions regar-
ding nationality, in the field of Medicinal Chemistry in its broadest sense. 

Nominations: Nominations for the Sixth Nauta Award, and for the First UCB Award should be submitted lL1 rhe Chairman of the .Juries. Prof. Dr. 
Henk Timmerman, EFMC President. Vrije Universiteit LAC DR, Department of Pharmacochemistry. De Boddaan I 083. Postbus 7161. NL-I 081 
HV Amsterdam, The Netherlands. Fax + 31 20 444 76 I 0, 
E-mail: timmermn@chem.vu.nl. not later than December 31. 200 I. The proposals should include a short curriculum vitae. a list of publications 
and indicate the reasons for which the candidate qualifies for the Award. Details of the regulations can be found at the EFMC web site 
(www.efmc.ch). 
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